Measurements of M-shell x-ray production cross sections are reported for thin solid targets of 79Au, 82Pb, 83Bi, and 92U. Fluorine ions of energies 25, 27, and 35 MeV and charge states of 4, 5, 6, 8, and 9 were used. The microscopic cross sections were determined from measurements made with targets ranging in thickness from -1 to -300 pg/cm . An enhancement in the target M-shell xray production cross section was observed for fluorine ions with one or two E-shell vacancies over those without a E-shell vacancy. The sums of cross sections for direct ionization to the target continuum and electron capture to the projectile's LPf,N, . . . shells are inferred from charge state q=4, 5,6 data. The first Born calculations overpredict the cross-section data at all energies. Cross sections for electron capture from the target M shell to the projectile K shell for one (q=8) and two (q=9) E-shell vacancies in the projectile are also overpredicted by the first Born approximation for electron capture, i.e. , the Oppenheimer-Brinkman-Kramers approximation of Nikolaev. The data are in good agreement with the ECPSSR theory of Brandt and Lapicki, which accounts for the energy-loss, Coulomb-deflection, and relativistic effects in the perturbed-stationary-state theory.
INTRODUCTION
Direct ionization to the target continuum (DI) and electron capture to the projectile (EC) are the primary mechanisms involved in jnner-shell vacancy production in heavy-ion -atom collisions. The microscopic M-shell x-ray production cross sections are determined from the weighted average cross section for the thinnest target used, which represents approximately single-collision conditions. Fig. 1 , and the good agreement noticed earlier' in a comparison of experimental M-shell x-ray production cross sections and PWBA for DI suggest the EC to the L, M, and higher shells is not a large contributor to the total M-shell x-ray production cross section at these energies and for these ion-target systems.
In Figs. 3 and 4 , the inferred crx J " ' ) and 0&~' for Au, Pb, Bi, and U are plotted for hydrogenlike (q=8) and fully stripped (q=9) fluorine ions, respectively, versus Z&/Z2. In both figures, the OBKN EC calculations overpredict the data. Good agreement is evident between predictions of the ECPSSR theory and the data, except for the 92U data at 25 MeV. An underestimation of factors of -10 and -5 is noted at this energy for q=8 and 9, respectively. The ECPSSR overpredicts the 79Au and 82Pb data points at 27 MeV to a lesser degree.
In conclusion, the ECPSSR theory provides much better estimate of the M-shell x-ray production cross section than the first Born theory. The EC is small for fluorine ions with no K-shell vacancies. The EC contribution to the total M-shell x-ray production cross section is enhanced when the fluorine ion contains vacancies in the K shell. This enhancement, within experimental uncertainties, is twice as large when, instead of one K-shell vacancy, two K-shell vacancies are available on the projectile.
